Yacon and Scorzonera as functional enrichment of food
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Introduction. The aim of this work was to determine the polysaccharides
composition such non-traditional plant materials as Salsify and Yacén and
enrichment of food with selected raw materials.

Materials and methods. Determined content of polysaccharides in the roots of
the Yacon and Scorzonera rhizomes, purees and powders from them by known
methods. The content of pectin substances recognized by the gravimetric method,
inulin content was determined by the method of Bertrand. Determination of the mass
fraction of cellulose based on the decomposition of all other organic compounds
concentrated nitric acid in a mixture of acetic and trichloracetic acids.

Results and discussion. Scorzonera hispanica and Yacon - valuable enough
root vegetables for their nutritional and biological properties. In our researches used
Yacon variety Udine, of about 20 cm length, diameter 10 cm, dry substances — 16%
and the content of inulin 7 %, fructose 5 %, cellulose 0.6 %.

Scorzonera rhizomes are used with dry substances — 15 %, the content of inulin
5.7 %, pectin 0.9 %, and cellulose 0.8 %.

As in purees and powders of analyzed raw materials the general trend of the
high content of inulin, for Yacon (41.5 — 42.3 % on dry substances) and Scorzonera
(37 — 38.2 % on dry substances) and cellulose for Yacon (2.8 - 3.4 % on dry
substances) and (3.1 — 3.7 % for Scorzonera on dry substances), is kept. This proves
the feasibility to using of processed products to the Yacdén and Scorzonera as
functional supplements in the technology of wellness products.

At the same time, the results showed the complexity of implementing functional
enrichment of certain food products by making the puree recipe, because it contains
only 15 to 18% dry substances, and 6.3 to 7.5 % inulin accordingly, and 0.7 to 1.2 %
cellulose. Therefore, in most food technologies, the use of puree in the less amount of
than 15% by weight of the product do not give reason to expect functional enrich
effect.

The use of selected raw materials powder for food products can significantly
improve the content of dietary fiber, because powder as Scorzonera, as Yacon with a
high content of dry substances (89 - 90%) contains a significant amount of
polysaccharides.

Possibility of Yacon and Scorzonera powder using for the ice cream of healthy
destination obtaining was examined.

Based on the results of researches, the best dose to make creamy ice cream
functional fortificant are 3-4% powder of Scorzonera or Yacon.

Conclusions. As Scorzonera hispanica as Yacon contain significant amounts of
polysaccharides, in particular inulin which has a prebiotic properties, and makes them
a valuable raw material for use in the field of healthy nutrition.
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Introduction. Recent studies have shown that in the whole world there is a
deficit of polysaccharides, which leads to the development of various diseases, such
as cardiovascular, gastrointestinal tract, diabetes mellitus. This is due to the lack of
food consumption rich in polysaccharides - raw vegetables and fruits; excessive
content in food, refined foods, almost deprived of cell membranes (sugar, rice, flour).

The majority of nutritionists believe that the ration should contain at least 30-40
grams of dietary fiber, while the average person consumes about 13 grams, so a
deficiency of these nutrients is about 15-20 grams a day.

Of great interest in theoretical and practical terms, is studying the possibility of
using non-traditional supplements rich in polysaccharides. One of the most important
polysaccharides that have prebiotic properties is inulin. Sources of inulin have such plant
material as the Jerusalem artichoke (Helianthus tuberosus), Yacon (Polymnia
sonchifolia), Dandelion (Taraxacum officinale), Burdock (Arctium lappa), Chicory
(Cichorium intybus), Salsify or Kozelets (Scorzonera hispanica), and Dahlia (Dahlia
pinnata) [1-13].

Nutritionists and endocrinologists are increasingly paying their attention to such
inulin rich plant as Yacon. It is uncommon for Europe and little-studied vegetable.
The root tubers of Yacon contain up to 60% of inulin in terms of dry substance. Fresh
tubers to Yacon after harvesting and curing for several days on the sun with the
purpose of accumulation of sugars may contain about 19% hydrolyzed to fructose
inulin [7-14].

In addition, Yacon in large quantities contains such valuable macro - and
micronutrients, as potassium, calcium, sodium, phosphorus, iron, copper, zinc and
vitamins C, E, By, B, and B;;. The composition of the root tubers are all
noncontiguous amino acid. Content of noncontiguous amino acid in Yacon protein is
considerably larger than the protein of wheat, corn, soybean [2, 7, 10, 14, 15, 16, 17].

Today Yacon introduced in the United States, New Zealand, southern Europe,
Iran, Japan, Uzbekistan and Moldova.

In the analysis of fresh root tubers from plants to Yacén grown in the region of
natural origin, American researchers have found content 69-83 % water, 0.4 to 2.2%
protein and 20 % sugar. Dried root tubers contain 6-7 % protein, 0.4 to 1.3% of fats,
4-6% cellulose and about 65% of sugars. Yacén leaves contain flavonoids,
sesquiterpenoid and other substances that are characterized by antioxidant and anti-
stress properties, and are the cytoprotectors [14, 15].

The high yield of Yacon (28-100 t/ha) and high content of inulin and other BAS
(Biological active substances) makes it a valuable raw material for the food and
pharmaceutical industry [18-19]. This culture is multi-use, namely: 1 - vegetable (the
use in food of root tubers and young shoots); 2 - fodder (using all parts of the plant
for animals food); 3 - technical (production of natural syrups with high fructose) and
fuel alcohol; 4 - medical (in root tubers with a high content of fructose in the form of
oligofructan that is useful for people suffering from diabetes) [20].

The Salsify belongs to the family astrina. There are 170 species of this plant.
Scorzonera homeland is the coast of the Mediterranean Sea. This plant is famous in



the countries of Western Europe and the USA. Unfortunately, in our country this is a
root almost forgotten [18, 21, 22]. The Salsify or Kozelets is the very valuable for its
nutritional and medicinal properties plant. Rhizomes valuable content of
polysaccharides in an amount of about 17 %, which presents inulin - 13-16 %, pectin
- 3-5%, and fiber — 1.5 -2.5 %. The amino acid composition represented by the
following amino acids (mg/100g): arginine — 14.97, glutamine - 238, lysine - 127,
leucine - 151, phenylalanine - 86, valine - 76. Biological value of protein root
Scorzonera due to the high content of arginine 1497 mg/100g and the amount of
proline, alanine and threonine 1031 mg/100g [21-27].

The aim of this work was to determine the polysaccharides composition such
non-traditional plant materials as Salsify and Yacén and exploring the possibilities
for its further use to obtain wellness products.

Considering the fact that currently organism modern population there is a
shortage of polysaccharides, which leads to the development of many "diseases of
civilization" such as cardiovascular disease, atherosclerosis, obesity, diabetes,
selection and study of this material, is relevant. Selected non-traditional raw
materials, Yacon and Salsify are a significant source of polysaccharides, but also
contain a number of minerals, vitamins, flavonoids, and amino acids.

Materials and methods. The subjects of research are the roots of Yacon and
rhizomes of Scorzonera, purees and powders from them.

In our researches used Yacon variety Udine. Externally, the root tubers of Yacon
are from darken to purple-brown, but inside they are white, yellow, and sometimes
slightly purple. Taste - crisp, refreshing, slightly sweet, like fresh-picked apples with
a soft scent in combination pears with melon. Used root tubers have length of about
20 cm, diameter 10 cm, dry substances — 16% and the content of inulin 7 %, fructose
5 %, cellulose 0.6 %. From root tubers of Yacon received puree and powder, in which
determined the content of the main polysaccharides and fructose.

Scorzonera rhizomes are used with dry substances — 15 %, the content of inulin
5.7 %, pectin 0.9 %, and cellulose 0.8 %. From the Scorzonera rhizomes, as well as
from roots to Yacon received puree and powder, which determined the content of
valuable BAS, in particular polysaccharides.

Obtaining powder from Scorzonera and Yacon conducted by convective drying
pre-cut into the plate rhizomes and then crushed to a particle size of 0.5 - 0.7 mm.

Puree was obtained by rubbing through a sieve with the hole diameter is not
more than 0.4 mm pre-cleaned and steamed for 15-20 min from rhizomes of
Scorzonera and Yacon.

According to traditional methods there was defined content of polysaccharides,
inulin, pectin, cellulose in them [28-31].

The content of pectin substances recognized by the gravimetric method, which is
based on the determination of mass fraction of pectic acid with the mass number of
pectate calcium, resulting from the interaction under certain conditions, calcium
chloride with pectic acid.

Inulin content was determined by the method of Bertrand, which is based on the
ability of the aldehyde group of sugars to interact with Fehling's reagent and restore
the oxide of copper to cuprous oxide, which cipitate in the form of a red precipitate.



Determination of the mass fraction of cellulose based on the decomposition of
all other organic compounds concentrated nitric acid in a mixture of acetic and
trichloracetic acids [28, 29, 31].

Results and discussion. The Salsify and Yacén are quite valuable root
vegetables for their nutritional and biological properties, chemical compositions of
which are rich in biologically active substances, which are represented by
polysaccharides, macro - and microelements, vitamins, flavonoids, and essential
amino acids.

Particularly rich the selected raw materials on valuable polysaccharides: inulin,
pectin, cellulose.

The value of inulin is in its effects on metabolism during all time while in the
human body. Inulin improves lipid metabolism, and therefore reduces the risk of
cardiovascular disease, promotes the development of bacteria, contributing to the
normal functioning of the gastrointestinal tract, stimulates contractility of the gut
wall, has immunomodulatory effect.

Important compounds are also pectic substances. One of the main effects of the
therapeutic influence of pectin is a detoxifying effect in respect to cations of heavy
and radioactive metals.

Fiber improves digestion, stimulates peristalsis, increases the rate of passage of
food through the gastrointestinal tract, absorbs fats, toxins and mucus from the
stomach and intestines, and improves the absorption of nutrients. Fibers free from
toxins not only the gastrointestinal tract, but also lymphatic system [1-7].

It was performed the analysis of the new non-traditional raw materials rich in
polysaccharides because these biologically active substances are important for the
normal functioning of the body with a view to expanding the range of products with a
high level of dietary fibers.

Selected raw materials are a valuable source of polysaccharides, such as inulin,
pectin, cellulose. Therefore, a study to determine the content of these BAS within the
selected objects and processed foods.

The content of the BAS in the products of Yacon processing presented in table 1.

Studies have shown that the products of Yacon contain significant amounts of
polysaccharides, in particular inulin that has prebiotic properties.

Table 1
Content of the BAS in the of Yacon processing products

No Index Yacon puree | YacoOn powder

1 | Dry substances, % 18 89.8

Weight part, % on dry substances:

2 | Inulin 41.5 42.3




3 | Fructose 30.8 299

4 | Cellulose 34 2.8

The healing properties of Scorzonera are also due to the presence of significant
amount of inulin. The use of this root in food has a hypoglycemic action, which can
be used for the prevention and treatment of diabetes. Also in Salsify contains
flavonoid glycosides and vitamins C, E, carotenes, which provide antioxidant
properties of plant.

Mineral composition of Scorzonera (table 2).

Table 2

Mineral composition of the Scorzonera root

Ne Index Value
Macroelements (mg/100g)
1 Phosphorus 84
2 Potassium 140
3 Sodium 148
4 Magnesium 81
5 Calcium 153
Microelements (mcg/100g)
6 Copper 42
7 Zinc 28
8 Manganese 250
9 Nickel 0.7
10 Iron 420

Vitamin composition represented by such vitamins (mg/100g): E — 6, carotene —
0.02, PP - 0.35, C from 2.1 to 8.2.

In medicine Kozelets used in gastro-intestinal diseases, as a sedative,
anticonvulsant, analgesic agent [23-27].

The specific content of polysaccharides in the scorzonera processing products
presented in table 3.

As can be seen from table Scorzonera processing products contain significant
amounts of inulin, pectin, cellulose, which proves that it can be used to fortify foods.

This proves the expediency of Yacon and Scorzonera processing products
application as functional fortifying in technologies for health products.

Table 3

Content of polysaccharides in the Scorzonera processing products



Scorzonera | Scorzonera
No Index
puree powder
1 | Dry substances, % 15.1 89.6
Weight part, % on dry substances:

2 | Inulin 37 38.2

3 | Pectin 5.3 5.2

4 | Cellulose 3.7 3.1

As in purees and powders of analyzed raw materials the general trend of the high
content of inulin, for Yacon (41.5 — 42.3 % on dry substances) and Scorzonera (37 —
38.2 % on dry substances) and cellulose for Yacon (2.8 - 3.4 % on dry substances)
and (3.1 — 3.7 % for Scorzonera on dry substances), is kept. This proves the
feasibility to using of processed products to the Yacén and Scorzonera as functional
supplements in the technology of wellness products.

At the same time, the results showed the complexity of implementing functional
enrichment of certain food products by making the puree recipe, because it contains
only 15 to 18% dry substances, and 6.3 to 7.5 % inulin accordingly, and 0.7 to 1.2 %
cellulose. Therefore, in most food technologies, the use of puree in the less amount of
than 15% by weight of the product do not give reason to expect functional enrich
effect.

The use of selected raw materials powder for food products can significantly
improve the content of dietary fiber, because powder as Scorzonera, as Yacon with a
high content of dry substances (89 - 90%) contains a significant amount of
polysaccharides in semi-finished product.

At this stage of the research proposed to use the powder of Scorzonera and
Yacon to receive ice cream for healthy use.

Dairy products occupy a large proportion of food products market. One of the
leading places in Ukraine in the dairy market belongs to ice cream. We conducted a
series of trial tests of the ice cream manufacturing with different percentages and
modes of functional supplements insertion.

The results of the organoleptic evaluation are shown in table 4.

Table 4
Organoleptic characteristics of the studied ice cream variants
Feature
Name of the - i S
Sy The taste an tructure
indicator . Color Assessment
smell consistency
Ice cream has a
.| Pure, without Uniform
Creamy ice . Homogeneous, smooth
foreign tastes throughout the : :
cream dense . consistency, nice
and odors mass of ice cream
color and taste




Ice cream : : .
. Pure, without Uniform Finished product
with 2% of .
foreign tastes | Homogeneous | throughout the |has a pleasant taste
Scorzonera .
and odors mass of ice cream and texture
powder
Ice cream Iee cream h
: : : ce cream has a
with 3-4% | Pure, without Creamy, uniform
. Homogeneous, smooth
of foreign tastes throughout the . :
dense . consistency, nice
Scorzonera| and odors mass of ice cream
color and taste
powder
Ice cream Uniform : .
. : Creamy, uniform | Finished product
with 6% of | Tangible taste| throughout the .
.. . throughout the has a tangible
Scorzonera | additives mass of ice . .
mass of ice cream | flavor of additives
powder cream
Ice cream : : Cream has a good
) Pure, without Creamy, uniform &
with 2% of . Homogeneous, structure and
, foreign tastes throughout the .
Yacon dense ) texture, attractive
and odors mass of ice cream
powder color and flavor
Ice cream : : Finished product
. Pure, without Creamy, uniform p.
with 3-4% . has a high
, | foreign tastes | Homogeneous | throughout the .
of Yacon . organoleptic
and odors mass of ice cream .
powder characteristics
Ice cream . Uniform : : .
. Pure, distinct Greyish, uniform | Finished product
with 6% of throughout the :
, vegetable : throughout the |has a tangible taste
Yacon mass of ice . .
flavor mass of ice cream of additives
powder cream

When conducting organoleptic evaluation for the control sample it was taken
Creamy ice cream. With addition the powder as Yacén as Scorzonera in an amount
up to 6% the finished product has a high organoleptic characteristic, and when you
add the powder in a larger amount (more than 6%) worse structural and taste
characteristics. On organoleptic indicators best fortificant option is the addition of
powder in the amount of 3-4% by weight of the product.

A series of experiments for determination the physicochemical characteristics of
the ice cream with prebiotics with different fortificant content were conducted, the
results of which are shown in table 5.

Table 5
Physicochemical characteristics of ice cream with different fortificant
content



Ice cream with Yacon Ice cream with

Name of the powder Scorzonera powder Normative
indicator values
2% | 3-4% | 6% 2% | 3-4% | 6%
Dry substance,

mass fraction, % 3251 335 | 340 ) 328 33.2 33.6 31-35
, /0

ce o No more
Acidity, °T, 21.5 22 25 22 22.5 25.5 than 25
Overrun,% 58 57 57 59 59 59 Not limited

As you can see the ice cream with addition 6 % of Scorzonera or Yacon powder
has acidity limit or in excess of the standard.

Based on the results of organoleptic evaluation and the results of physical and
chemical research, the best dose to make creamy ice cream functional fortificant are
3-4% powder of Scorzonera or Yacon.

Carbohydrate composition of healthy ice cream (tables 6) with 3-4% powder
insertion is presented.

Table 6
Carbohydrate composition of healthy ice cream
Components of mix Carbohydrate composition
Pecti
formula Disaccharides| Starch cetn Cellulose | Inulin
substances
Creamy ice cream 19.8 0 0 0 0
Ice cream with
, 17.75 0.06 0.21 0.12 1.56
Yacon powder
Ice cream with
17.54 0.1 0.36 0.16 1.43
Scorzonera powder

Carbohydrate composition of ice cream has improved and enriched by such
products as inulin on 1.43-1.56%, cellulose on 0.12-0.16%, pectin on 0.21-0.36%,
which confirms prebiotic and health properties of enriched ice cream. Besides the
valuable polysaccharide content, ice cream with prebiotics also has a high content of
certain vitamins (C, PP) and minerals (Mg, Fe) in comparison with creamy ice-cream.

Conclusions. 1. Researches have shown that as Scorzonera as Yacon contain
significant amounts of polysaccharides, in particular inulin that has prebiotic
properties.




2. High content of dry substances in the Yacon and Scorzonera powder including
mass fraction of inulin on Yacon dry substances (42.3%) and Scorzonera (38.2 %)
makes them a valuable raw material for the food industry.

3. Possibility of Yacon and Scorzonera powder using for the enrichment of food
products, in particular ice cream of healthy destination was examined.

4. The ratio of ingredients and the optimum process conditions, providing ice
cream with high quality prebiotics are obtained.

References

1. Cummings J.H., Macfarlane G.T., Englyst H.N. (2001), Prebiotics digestion
and fermentation, The American Journal of Clinical Nutrition, 73, pp. 415-420.

2. Polumbryk M.O. (2011), Vuhlevody v kharchovykh produktakh i zdorovia
liudyny, Akademperiodyka, Kyiv.

3. Jun Liu, Stefan Willfor, Chunlin Xu, (2015), A review of bioactive plant
polysaccharides: Biological activities, functionalization, and biomedical applications,
Bioactive Carbohydrates and Dietary Fibre, 5 (1), pp. 31-61.

4. Alexsandra Conceigdo Apolinario, Bolivar Ponciano Goulart de Lima
Damasceno, Napoledo Esberard de Macédo Beltrao, Adalberto Pessoa, Attilio
Converti, José Alexsandro da Silva, (2014), Inulin-type fructans: A review on
different aspects of biochemical and pharmaceutical technology, Carbohydrate
Polymers, pp. 368-378.

5. Meijer W.J.M., Mathijssen E.-W.J.M., (1992), Experimental and simulated
production of inulin by chicory and Jerusalem artichoke, Industrial Crops and
Products, 1(2—4), pp. 175-183.

6. Zhen-Ming Chi, Tong Zhang, Tian-Shu Cao, Xiao-Yan Liu, Wei Cui, Chun-
Hai Zhao, (2011), Biotechnological potential of inulin for bioprocesses, Bioresource
Technology, 102 (6), pp. 4295-4303.

7. Bostid N. R. C. (1989), Yacon. Lost crops of the Incas: Little-known plants
of the Andes with promise for worldwide cultivation, National Academies Press,
Washington, pp. 115-123.

8. Alejandra Castro, Galya Céspedes, Sergio Carballo, Bjorn Bergenstihl, Eva
Tornberg, (2013), Dietary fiber, fructooligosaccharides, and physicochemical
properties of homogenized aqueous suspensions of Yacon (Smallanthus
sonchifolius), Food Research International, 50 (1), pp. 392-400.

9. Alexandre Rodrigues Lobo, Maria Lucia Cocato, Primavera Borelli, Eduardo
H.S. Gaievski, Amanda R. Crisma, Karina Nakajima, Eduardo Y. Nakano, Célia
Colli, (2011), Iron bioavailability from ferric pyrophosphate in rats fed with fructan-
containing Yacon (Smallanthus sonchifolius) flour, Food Chemistry, 126 (3), pp.
885-891.

10. Gilberto Ornelas Oliveira, Camila Pereira Braga, Ana Angélica Henrique
Fernandes, (2013), Improvement of biochemical parameters in type 1 diabetic rats
after the roots aqueous extract of Yacon [Smallanthus sonchifolius (Poepp.& Endl.)]
treatment, Food and Chemical Toxicology, 59, pp. 256-260.

11. Grethel T. Choque Delgado, Rodolfo Thomé, Dirce L. Gabriel, Wirla
M.S.C. Tamashiro, Glaucia M. Pastore, (2012), Yacon (Smallanthus sonchifolius)-



derived fructooligosaccharides improves the immune parameters in the mouse,
Nutrition Research, 32 (1), pp. 884-892.

12. Nelci A. de Moura, Brunno F.R. Caetano, Katia Sivieri, Luis H. Urbano,
Claudio Cabello, Maria A.M. Rodrigues, Luis F. Barbisan, (2012), Protective effects
of Yacon (Smallanthus sonchifolius) intake on experimental colon carcinogenesis,
Food and Chemical Toxicology, 50 (8), pp. 2902-2910.

13. Rejane B. Oliveira, Daniela A. Chagas-Paula, Adriana Secatto, Thais H.
Gasparoto, Lucia H. Faccioli, Ana P. Campanelli, Fernando B. Da Costa, (2013),
Topical anti-inflammatory activity of Yacon leaf extracts, Revista Brasileira de
Farmacognosia, 23 (1), pp. 497-505.

14. David Campos, Indira Betalleluz-Pallardel, Rosana Chirinos, Ana Aguilar-
Galvez, Giuliana Noratto, Romina Pedreschi, (2012), Prebiotic effects of Yacédn
(Smallanthus sonchifolius Poepp. & Endl), a source of fructooligosaccharides and
phenolic compounds with antioxidant activity, Food Chemistry, 135 (3), pp. 1592-
1599.

15. Joko Sumiyanto, Franck E. Dayan, Antonio L. Cerdeira, Yan-Hong Wang,
Ikhlas A. Khan, Rita M. Moraes, (2012), Oligofructans content and yield of Yacén
(Smallanthus sonchifolius) cultivated in Mississippi, Scientia Horticulturae, 148, pp.
83-88.

16. Ilkka Ojansivu, Celia Lucia Ferreira, Seppo Salminen, (2011), Yacon, a new
source of prebiotic oligosaccharides with a history of safe use, Trends in Food
Science & Technology, 22 (1), pp. 40-46.

17. Reina L.D., Pérez-Diaz I.M., Breidt F., Azcarate-Peril M.A., Medina E.,
Butz N., (2015) Characterization of the microbial diversity in Yacon spontaneous
fermentation at 20°C, International Journal of Food Microbiology, 203, pp. 35-40.

18. Kononkov P.F. i drugie (2008), Ovoshchy kak produkt funktsyonalnoho
pytanyia, Stolychnaia typohrafyia, Moscow.

19.Grau A., Rea J., Robinson H. (1997), Yacén, Smallanthus sonchifolius
(Poepp. et Endl.), Andean roots and tubers: ahipa, arracacha, maca and yacon,
Rome, pp. 199-242.

20. Mishchenko L. T. (2012), Nova ovocheva 1 likarska kultura v Ukraini,
Naukovyi visnyk Natsionalnoho universytetu bioresursiv i pryrodokorystuvannia
Ukrainy. Ser.: Ahronomiia, 180, pp. 250-256.

21. Zhyrkova E.V., Malkyna V.D., Chudykova N.V. (2008), Prymenenye
netradytsyonnoho syria v pyshchevykh tekhnolohyiakh, Yzvestyia vuzov. Pyshchevaia
tekhnolohyia, 2, pp. 64-66.

22. Vasylkovan Y.A., Chudykova N.V., Zhyrkova E.V. (2006), Skortsonera —
novyi vyd ynulynsoderzhashcheho syria, Materyaly nauchnoi konferentsyy «Okno v
naukuy. Nauchnye trudy 29 (1), pp. 126-127.

23. Orobynskaia V.N., Zhyrkova E.V., Malkyna V.D. (2009), Razrabotka y
prymenenye ynulyn-pektynovoho kontsentrata yz skortsonery, Yzvestye vuzov.
Pyshchevaia tekhnolohyia, 3, pp. 51.

24. Sebastian Granica, Ulrike Lohwasser, Karin Johrer, Christian Zidorn,
(2015), Qualitative and quantitative analyses of secondary metabolites in aerial and



subaerial of Scorzonera hispanica L. (black salsify), Food Chemistry, 173, pp. 321-
331.

25. Sebastian Granica, Christian Zidorn, (2015), Phenolic compounds from
aerial parts as chemosystematic markers in the Scorzonerinae (Asteraceae),
Biochemical Systematics and Ecology, 58, pp. 102-113.

26. Glesni MacLeod, Jennifer M. Ames, (1991), Gas chromatography-mass
spectrometry of the volatile components of cooked scorzonera, Phytochemistry, 30
(1), pp. 883-888.

27. Abd El Raheim, M. Donia, (2013), Phytochemical and pharmacological
studies on Scorzonera alexandrina Boiss, Journal of Saudi Chemical Society, pp.
1319-6103.

28. Skorobohatyi Ya., Fedorko V. (2005), Khimiia i metody doslidzhennia
syrovyny i materialiv, Kompakt, Lviv.

29. Pashchenko L. (1999), Ratsional'nye aspekty v pererabotke topinambura,
Khranenie i pererabotka sel'khozsyr'ya, 7, pp. 13-17.

30. Gantsov Sh., Gins M., Derkanosov N. (2010), Issledovanie svoystv
polufabrikatov yakona kak tekhnologicheskoy 1 prebioticheskoy dobavki,
Tekhnologiya i tovarovedenie innovatsionnykh pishchevykh produktov, 4(4), pp.
29-35.

31. Pashchenko L., Strygin V., Demchenko V. (2001), Topinambur v nashey
zhizni, VGTA, Voronezh.

Alla Bashta E-mail: all sher@mail.ru



